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Layered Organic Structure at the Carbon Tetrachloride —Water Interface
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The structure of organieliquid interfaces continues to be of
central interest to a wide variety of science and engineering
disciplines on account of the applicability of this knowledge to
chemical synthesis, purification, industrial cleaning, and nuclear
waste remediation. The carbon tetrachlorigeater interface in
particular has been the subject of numerous experiménsaid
computer simulatiofr® studies. This system has long served as a
model for understanding aqueetisydrophobic interactions, of
central importance to surfactants, adsorbed biomolecules, salts, and
ions at hydrophobic solid and liquid interfaces. In all of these N — . —— .
investigations, the emphasis has been almost entirely on the e 1 20 3 40 50 60 70
interfacial water molecules. The only commonly reported LCI ) po'ararfg'e OfC_'C[ pond dlosesto e bu'kwater,phas“deg ) B
saisic has been the densil profie across the nterface. No detalecf 2% 1 T1e Stenlar of caibon St molecies = cased
studies of the carbon tetrachloride structure in the vicinity of an phase: 9 < 28° comer contact; 28< 6 < 63° edge contact; 63< 6 <
aqueous interface have been reported. This is due in part to the70.5 face contact. Thin dashed contours are drawn as a guide to the eye.
interest in water structure at hydrophobic surfaces and also due toSlices through regions AE are shown in Figure 2.
the high symmetry of the C¢imolecule. Knowledge of bulk liquid
CCl, molecules has come from numerous experimehtaltheo-
reticall® and simulatio®131719 studies over the last several
decades. In bulk liquid, the primary issues surround the coordination
of adjacent CCl molecules. Until recently, the leading model
formulated from neutron scattering data was one in which the corner
of one tetrahedron was oriented toward the face of another, termed
Apollo.r> More recent neutron diffraction experiments have chal-

lenged this picture, finding stlr(?nger evidence of corner-to-Comer gu,cryre. The histogram intensity values have been normalized so
than corner-to-face contatt® Our findings show that CGl 5 an isotropic distribution (in the center of the organic box at
molecules form a fascinating structure at an aqueous interface,_ _5 R) appears as a vertical stripe with uniform intensity. One
consisting of an alternating layered mixture of face and corner ... <ae a dominant face-type orientation overgah-wide region
contacts of the CGletrahedra. A study of the C&tvapor interface roughly centered at the Gibbs surfage<(—4 to+2 A, region D).

has found no preferred orientations of the surface,@@llecules'? On either side of this region, there is~a3 A-wide corner-type
alluding to the role that water likely plays in supporting this layered region (C and E) with weaker orientation, as seen in the lower

structure. o intensity of these bands. It is difficult to probe the orientation of
We have used the Amber 7 package to perform equilibrium | molecules more tha5 A into the bulk water phase since,

molecular dynamics simulations of the GEivater interface with oo with this many configurations from long MD trajectories, there
a 1 fs integration time and weak coupling to & heat bath at 300 K. .6 gimply too few organic molecules there. Probing deeper into

Initially separate (40 /) boxes containing 2135 POL3 water the organic phase, however, one can notice a weak band with
molecules and 400 C&nolecules (using Dang's polarizable GCI oty corresponding to face alignment aromre —9 A (region
model and atomic charg€were minimized, equilibrated for 200 g "Finaly. there is another weak band in the corner-type region
ps, and then combined to create a 4040 x 80 A3 interfacial atz= —12 A (region A). It is easier to recognize these features by
box. After the energy of this system was minimized and the system o yining slices through specific values of the distance from the
was allowed to equilibrate for 2 ns, atomic positions were recorded Gibbs surface: these are shown in Figure 2. The horizontal line is

every 50 _fs for an additional 10 ns. This providgd 200000 grawn as a guide to the eye to assist interpretation of the weak
configurations of the _system _for our structural analy5|_s. i orientation deep in the organic phase. Although the orientation
In order to classify interfacial C&molecules as making either . oforence for layers furthest from the Gibbs surface is weak, it

comer, edge, or face contact with the bulk water phase, the chlorine .y e seen that the peaks of these distributions clearly lie toward
atom closest to the bulk water direction was identified, and the the corner and face regions. One may also notice that the corner

angle of this C-Cl bond with respect to the interface normal was orientation of CCJ moleculs 3 A into the bulk water phase is
determined. In such a schentemay range from _O(perfeCt COMer  quite strong, but noisy because of the poorer statistics here. The
alignment) to 70.5 (perfect face alignment); these cases are o picture of carbon tetrachloride orientation at the S@later
illustrated in Figure 1. This angle was then tabulated for every, CCl interface is shown in Figure 3
T Present address: Department of Chemistry, University of Victoria, Victoria, Previous. studies have shown that. the e}lignment O.f water
British Columbia, Canada V8W 3V6. molecules in contact with a hydrophobic medium results in a net
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molecule and a 2D histogram was constructed by binning the result
according to angle and distance from the Gibbs surface. The location
of the Gibbs surface was determined by fitting the density data to
a hyperbolic arctangent and was setzte- 0. In this convention,
negative values of correspond to the organic side of the interface;
positive values to the water side. The brightest areas (orange-yellow)
of Figure 1 indicate the highest population of G@8lolecules. The
stripes observed (labeled-#E) are therefore indicative of a layered
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13F o ¢ ] The absence of oriented molecules at the £@&por interfac®

§ 0% further justifies this conclusion. The alternating nature of the layered

z °pL °o°°° N structure is likely due to the same corner-to-corner and face-to-

Ster °o ®o N 1 face packing preference that is currently believed to constitute the

£ . . . . ..

5 ° o . . primary coordination in the bulk C¢phase’.1°The only deviation

= o ] . .

2 11 ° oo i ° to this structure occurs closest to the Gibbs surface, where a

= I oo o 1 . . .

3 o"mooa;(: ° &° 6 A-wide region of face contact molecules would imply some

§ o Fani o 50 ° %000"000 ° Apollo-type corner-to-face coordination.

g 1o [ og"“fgmm,,wf% 2 :&%@ ;jﬁ"i’; In summary, we have observed an alternating layered structure

s ‘B ©° ° Jo 8 w0 B0 of ordered CCJ molecules at the CGlwater interface. Given

.5 o 00 o o 4 o 0 ob® o) ' ] i .

% o o o°°°°° % oPo 0% carbon tetrachloride’s preference to align one of its@ bonds

= oI .

s 09 F P ° C o ] along an external field, the observed corner and face,CCl

(o] . . . .

% [ 0 Lo ° orientations are likely due to the out-of-plane field created by the

kS osl’ ° ° ° presence of polar oriented interfacial water molecules. These results

é ’ contribute to our general understanding of neutral molecules at

2 : . aqueous -hydrophobic interfaces, and to more complex systems
comer edge face based on these interfaces such as surfactants and ions. For example,
T T . T T . the same field that we hold responsible for ¢@&lignment as a

0 10 20 3 40 5 60 70 result of ordered water molecules would be capable of orienting

polar angle of C-Cl bond closest to bulk water phase / deg not only polar ions and surfactants but also polarizable neutral
Figure 2. Some representative one-dimensional slices across the 2D species. Future studies will probe these effects in more detail by

orientation map in Figure 1, with normalized populations normalized relative varying the nature of the hydrophobic phase and strength of the
to those of an isotropic C¢bulk distribution. Molecules deep in the organic . . .

box (—12 A, region A in Figure 1) are shown in green9 A (region B) interfacial dipole moment.

in magenta—6 A (region C) in black; at the Gibbs surface (region D) in )
red; +3 A in the bulk water phase (region E) in blue. ACknOWledgment. We thank the Department of Energy, Basic

Energy Sciences (Grant DEFG02-96ER45557) for the financial

T' . M support of this project.
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